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Summary 

Nova  is  a  solid  state  large  laser  for  inertial 
confinement  fusion  research.  Its  flashlamps  are 
driven  by  a  60  MJ  capacitor  bank.  Part  of  this  bank 
is  being  built  with  high  energy-density  capacitors, 
52  uF,  22  KV,  12.5  KJ.  A  total  of  2,645  of  these 
capacitors  have  been  purchased  from  two  manufacturers. 

Each  capacitor  was  infant  mortality  tested.  The 
first  test  consisted  of  a  high-potential  test, 
bushing-to-case,  since  these  capacitors  have  dual 
bushings.  Then  the  capacitors  were  discharged  500 
times  with  circuit  conditions  approximating  the  capa¬ 
citors  normal  flashlamp  load.  Failure  of  either  of 
these  tests  or  if  the  capacitor  was  leaking  was  cause 
for  rejection. 

The  test  results  were  remarkably  go^id.  Less  than 
0.5  percent  failed  the  pulsed-discharge  'test  and  less 
than  2.5  percent  were  rejected  overall. 

In  addition,  by  testing  each  unit,  LLNL  was  able 
to  identify  two  systematic  deficiencies  in  the  manu¬ 
facturing  process.  Both  of  these  problems  were 
easily  remedied,  but  if  they  had  gone  undetected,  a 
major  problem  in  checking  out  the  Nova  bank  would 
have  ensued. 

Introduction 

The  52  pF,  12.5  KJ  capacitor  used  on  Nova  was 
developed  over  a  number  of  years  and  is  described 
elsewhere.! >2  During  the  course  of  development  and 
the  course  of  qualification  of  vendors  LLNL  tested  35 
units  each  from  three  companies.  The  experience  LLNL 
gained  by  this  testing  was  incorporated  into  the 
final  specification  for  the  Nova  capacitor.  Based  on 
this  experience  LLNL  decided  to  test  each  capacitor 
purchased  for  Nova. 

Purpose  of  Testing 

There  were  two  main  reasons  for  performing  infant 
mortality  testing  of  the  Nova  capacitors.  The  first 
was  to  eliminate  faulty  capacitors  from  being  instal¬ 
led  in  Nova.  The  second  was  to  use  this  test  as  an 
acceptance  criteria  for  delivered  capacitors. 

Weibull  staistics  describe  the  failure  rate  of  a 
sample  in  the  wear  out  mode.  Early  or  infant  morta¬ 
lity  failures  do  not  fall  into  this  category  nor  are 
they  described  by  the  satatistics.  Figure  1  shows 
the  shape  of  the  Weibull  curve  which  slowly  rises 
monotonical ly  from  the  initial  level.  Projecting  our 
data  for  the  Weibull  curve  into  the  region  of  less 
than  1,000  shots  would  indicate  a  failure  rate  of 
less  than  .05%.  This  is  not  observed.  In  fact, 
prior  data  has  shown  that  infant  mortality  failures 
range  from  1  to  7  percent  depending  on  the  quality 
assurance  plan  of  the  vendor3.  Applying  this  fail¬ 
ure  rate  to  the  Nova  Bank  would  mean  MTBF's  of  10  to 
20  which  is  undesirable.  In  order  to  remove  the 
infant  mortality  failures  from  the  distribution  we 
embarked  on  the  following. 

"*This  work  was  performed  under  the  auspices  of  the 
U.S.  Department  of  Energy  by  the  Lawrence  Livermore 
National  Laboratory  under  Contract  No.  W-7405-ENG-48. 


FIGURE  1 

CAPACITOR  FAILIURE  VERSUS  LIFE 


It  was  felt  that  a  company  might  lose  up  to  two 
percent  of  a  given  lot  due  to  flaws.  We  felt,  how¬ 
ever,  that  if  a  company  lost  more  than  five  percent 
of  a  lot,  there  would  be  something  seriously  wrong  in 
the  manufacturing  process  and  the  entire  lot  would  be 
rejected.  Between  two  percent  and  five  percent  is  a 
grey  area.  It  was  decided  to  judge  the  lots  falling 
into  this  grey  area  by  further  testing  of  these 
lots.  This  testing  consisted  of  life  testing  a  small 
sample  to  a  level  of  10,000  shots.  The  details  of 
the  test  conditions  for  the  infant  mortality  test  and 
life  test  are  given  below.  The  sample  size  to  be 
life  tested  was  chosen  according  to  MIL-STD-105,^ 
level  I. 

An  example  of  how  this  life  test  worked  is  as 
follows.  A  lot  of  99  capacitors  is  infant  mortality 
tested  and  two  units  fail.  Since  more  than  2  percent 
but  less  than  five  percent  have  failed,  a  life  test 
is  performed.  MIL-STD-105  requires  five  of  the  units 
be  tested.  If  two  or  more  units  fail  the  life  test 
the  entire  lot  is  rejected. 


In  summary  our  lot  acceptance  criteria  was: 

2%  or  less  failures  Lot  accepted 

5%  or  more  failures  Lot  rejected 

2-5%  Life  test  lot 

It  was  decided  to  perform  the  testing  at  LLNL  for 
three  reasons.  First,  the  tests  were  controlled  by 
LLNL.  Second,  this  extensive  testing  would  have  been 
a  burden  on  our  suppliers.  Third,  LLNL  felt  the 
testing  could  be  completed  at  lower  cost  by  perform¬ 
ing  it  at  LLNL. 


646 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

JUN  1983 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

5a.  CONTRACT  NUMBER 

Infant  Mortality  Testing  Of  High  Energy-Density  Capacitors  Used  On 

5b.  GRANT  NUMBER 

nuva 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROIECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Lawrence  Livermore  National  Laboratory  P.O.  Box  5508, 
Livermore,  CA  94550 

L-494 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADM002371.  2013  IEEE  Pulsed  Power  Conference,  Digest  of  Technical  Papers  1976-2013,  and 
Abstracts  of  the  2013  IEEE  International  Conference  on  Plasma  Science.  Held  in  San  Francisco,  CA  on 

16-21  June  2013.  U.S.  Government  or  Federal  Purpose  Rights  License 

14.  ABSTRACT 

15.  SUBIECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

SAR 

18.  NUMBER 
OF  PAGES 

4 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Test  Conditions 

Infant  mortality  testing  consisted  of  three 
steps.  The  first  step  was  a  visual  inspection  for 
leaking  impregnant.  The  second  step  was  a  high- 
potential  test  of  the  bushing  to  case  insulation. 
The  third  step  was  a  pulse  discharge  test  that  simu¬ 
lated  normal  operating  conditions.  Of  the  three 
steps,  the  pulse  discharge  test  is  the  most  important 
and  only  it  was  used  for  lot  acceptance. 

Leaking  capacitors  are  always  a  problem.  In 
Nova,  all  capacitors  are  placed  on  their  sides.  In 
order  to  find  leaking  capacitors  before  installation, 
LLNL  specified  the  packaging  of  the  capacitors  for 
shipment  from  the  companies  to  Livermore.  LLNL 
required  that  all  units  were  shipped  on  their  sides, 
eight  units  to  a  pallet  (See  Figure  2).  The  bushings 
of  the  capacitors  faced  out.  During  shipment  the 
bushings  were  protected  by  styrofoam  or  urathrane 
foam.  During  the  entire  testing  process  the  capaci¬ 
tors  never  left  their  pallets.  By  keeping  the  capa¬ 
citors  on  their  sides,  any  potential  leakers  are  dis¬ 
covered  before  installation  in  Nova. 


FIGURE  2 

PALLETS  OF  CAPACITORS  READY  FOR  HIPOT  TEST 


In  Figure  2  are  shown  three  pallet  of  capacitors 
ready  for  the  high-potential  test.  The  bushing-to- 
case  insulation  is  stressed  to  a  level  of  35  kVdc  for 
1  minute.  Four  units  are  tested  together.  This  test 
was  used  to  eliminate  bad  bushings. 

The  pulse  discharge  test  simulated  a  flashlamp 
load,  the  normal  load  for  the  Nova  bank.  The  actual 
test  conditions  were: 

Charge  voltage 
Charge  time 
Hold  time 

Peak  discharge  current 
Percent  reversal 
Number  of  discharge  for 
Infant  Mortality 
Temperature 


Figure  3  shows  three  pallets  of  capacitors  ready 
for  pulse-discharge  testing.  A  description  of  the 
test  circuit  and  hardware  are  given  below. 


FIGURE  3 

PALLETS  OF  CAPACITORS  READY  FOR  PULSE  DISCHARGE  TEST 


The  life  test  consisted  of  performing  the  pulse- 
discharge  test  to  a  level  of  10,000  discharges. 

Failure  of  any  of  the  above  three  steps  was  cause 
for  rejection  of  a  unit.  The  rejected  units  were 
returned  for  repair  or  replacement. 

Test  Circuit  and  Equipment 

A  schematic  of  the  test  circuits  is  shown  in 
Figure  4.  There  are  essentially  24  individual  test 
circuits.  Each  capacitors  is  tested  separately. 
Each  circuit  contains  its  own,  50  KV  diode  fanout 
(see  Figure  5),  size  'A'  ignitron  switch,  450  pH 
pulse  forming  inductor,  3.576  ft  load  bank,  and  dump 
mechanism.  All  circuits  are  charged  from  the  same 
power  supply.  The  circuits  are  laid  out  and  con¬ 
structed  to  as  much  as  possible  duplicate  normal 
operating  conditions.  Figure  6  is  a  photograph  of 
the  control  racks  and  power  supply. 


The  test  was  designed  to  run  with  minimum  super¬ 
vision.  Each  circuit  was  monitored  by  a  current 
transformer.  The  outputs  of  these  current  transfor¬ 
mers  were  inputed  to  a  peak  detector  chassis.  The 
peak  detector  chassis  provides  a  window  comparator. 
If  the  current  in  any  circuit  is  too  high  or  too  low 
the  test  shuts  itself  down.  When  shutdown  occurs, 
the  test  was  "safed"  out  and  the  cause  determined. 
If  a  failed  capacitor  was  found,  that  capacitor  was 
deselected.  Each  of  our  circuits  were  individually 
selectable  by  Ross  switches  in  the  fanout,  so  that, 
if  a  failure  occurred,  the  failed  circuit  would  be 
remotely  disconnected  and  the  test  continued. 


24  kV 
12  seconds 
1  second 
5  kA 
<  10% 

500 

25+5  degrees  C 
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FIGURE  5 


FIGURE  6 

CONTROLS  RACKS  AND  POWER  SUPPLY 


50  KV  DIODE  FANOUT 
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Operation  consisted  of  testing  3  pallets  of  capa¬ 
citors  at  a  time.  The  pallets  were  placed  into  the 
test  by  a  forklift.  The  capacitors  were  connected  to 
their  circuits  and  the  test  started.  Usually,  a  lit¬ 
tle  over  two  hours  was  required  to  run  the  test.  To 
remove  and  install  the  pallets  takes  one  man  about 
one  hour.  While  the  test  was  running,  the  next  three 
pallets  would  be  prepared  and  high-potential  tested. 

Typically,  one  set  of  three  pallets  were  tested 
each  day.  This  required  one  technician  for  6  hours 
per  day  and  one  technician  for  1/2  hour  per  day.  The 
second  technician  was  needed  for  the  high-potential 
test  and  for  "safing"  the  test  with  a  ground  hook; 
whenever  high  voltage  may  be  present  two  knowledge¬ 
able  people  are  required  for  safety  reasons.  The 
first  technician  spent  the  rest  of  his  time  logging 
each  capacitor  and  preparing  the  pallets  for  storage. 


Test  Results 

The  results  were  much  better  than  anticipated, 
particularly  the  pulsed-discharge  test  results. 
Overall,  the  percentage  failed  for  this  test  was  only 
0.38  percent  for  General  Electric  and  0.95  percent 
for  Maxwell.  It  is  interesting  to  note  however,  each 
company  had  one  lot  subjected  to  life  testing; 
neither  company  had  a  lot  rejected. 

For  each  company,  LLNL  identified  a  systematic 
problem.  The  leaking  capacitors  and  bushing  failures 
for  General  Electric  were,  for  the  most  part,  traced 
to  the  same  step  in  the  capacitor  assembly.  Both 
problems  resulted  from  improper  tightening  of  the 
bushings.  The  leakers  were  caused  by  the  bushings 
being  not  tightened  enough  and  the  high-potential 
failures  resulted  when  the  bushings  were  over- 
tightened  which  cracked  the  insulator.  General  Elec¬ 
tric  began  to  check  the  torque  on  each  bushing  and 
these  problems  were  eliminated. 


1.  B.  T.  Merritt,  K.  Whitham,  UCRL  85723;  "Perfor¬ 
mance  and  Cost  Analysis  of  Large  Capacitor  Banks 
Using  Weibull  Statistics  and  MTBF" ,  3rd  IEEE 
International  Pulsed  Power  Conference, 
Albuquerque,  NM, 

June  1981. 

2.  D.’K.  Haskell,  et.  al.,  UCRL  86029;  "Development 
of  A  High  Density  Energy  Storage  Capacitor  for 
Nova",  9th  Symposium  on  Engineering  Problems  of 
Fusion  Research,  Chicago,  Illinois,  October  1981. 

3.  B.  Carder,  Private  Communication. 

4.  Military  Standard,  MIL-STD-105D,  "Sampling  Proce¬ 
dures  and  Tables  for  Inspection  by  Attributes", 
April  1963. 


DISCLAIMER 

This  document  was  prepared  as  an  account  of  work  sponsored  by  an  agency  of 
the  United  States  Government.  Neither  the  United  States  Government  nor  the 
University  of  California  nor  any  of  their  employees,  makes  any  warranty,  ex¬ 
press  or  implied,  or  assumes  any  legal  liability  or  responsibility  for  the  ac¬ 
curacy.  completeness,  or  usefulness  of  any  information,  apparatus,  product,  or 
process  disclosed,  or  represents  that  its  use  would  not  infringe  privately  owned 
rights.  Reference  herein  to  any  specific  commercial  products,  process,  or  service 
by  trade  name,  trademark,  manufacturer,  or  otherwise,  does  not  necessarily 
constilote  or  imply  its  endorsement,  recommendation,  or  favoring  by  the  United 
States  Government  or  the  University  of  California.  The  views  and  opinions  of 
authors  expressed  herein  do  not  necessarily  state  or  reflect  those  of  the  United 
States  Government  thereof,  and  shall  not  be  used  for  advertising  or  product  en¬ 
dorsement  purposes. 


For  Maxwell,  the  first  two  lots  delivered  incur¬ 
red  all  of  the  pulsed-discharge  failures.  The  failed 
units  were  autopsied.  It  was  discovered  that  the 
paper  contained  splices,  and  the  units  had  failed  at 
these  splices.  Maxwell,  by  working  with  their  paper 
supplier  and  adding  another  quality-control  check, 
eliminated  this  problem. 

Without  infant  mortality  testing,  LLNL  would  not 
have  uncovered  these  problems  until  much  later  in  the 
construction  phase  of  Nova.  Failures  like  these 
would  have  severely  impacted  our  construction 
schedule. 


The  results  are  summarized  in  Table  I. 


COMPANY 

NO.  OF 
LEAKERS 

NO.  THAT 
FAILED  HIPOT 

NO.  THAT 
FAILED  DISCHARGE 

TOTAL 

TESTED 

General  Electric 

39 

10 

8 

2120 

Maxwel 1 

2 

0 

5 

525 

TABLE  1  TEST  SUMMARY 
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